The literature on food economics has extensively analyzed consumer preferences for extra-virgin olive oil attributes. In order to summarize and systematize the information gained in recent years, it seems appropriate to make a critique of the existing literature. First, we carry out a narrative systematic review of the literature on the topic. Subsequently, using only the empirical contributions which provide estimates of consumer willingness to pay for quality attributes including a measure of the goodness of the estimation (20 papers with 78 estimates), a meta-analysis was conducted to synthesize the empirical results obtained.
Background
Extra-virgin olive oil (EVO) is an important element in the Mediterranean diet and a major agricultural crop for Southern European countries in terms of both farm income and cultivated area (De Graaff and Eppink 1999; Owen et al. 2000; Pupo D' Andrea, 2007; Marchini et al. 2010) . Moreover, given the increased popularity of the Mediterranean diet among consumers in the US, Canada, Australia and large parts of Asia, EVO consumption has grown almost worldwide (Santosa and Guinard 2011; International Olive Oil Council 2012) . Contextually, olive-oil production has switched from low yields and low-input cultivation to a capital-intensive farming system involving innovations in both agricultural practices and processing techniques. This has led to a considerable improvement in EVO nutritional characteristics accompanied by a profound change in sensory profile, turning a traditional food, with well known organoleptic features, into a brand new kind of dressing.
All the described processes have made it necessary for traders, researchers and policy makers to gain insights into consumer preferences for intrinsic and extrinsic characteristics of EVO, which have become increasingly complex and structured (Sillani et al. 2014) . In recent years, this has led to a wide range of scientific contributions aiming to identify the chief EVO attributes for the postmodern consumer ). This research field has made extensive use of discrete choice methods based on random utility models, which help identify product characteristics most relevant to consumers, also valuing the willingness to pay for a product with such characteristics. Since the surveys were carried out in different countries, with different sample sizes, different statistical designs and often considering different choice experiment attributes as well, the results emerging from the literature are somewhat heterogeneous, although there are some well defined trends.
In order to summarize and systematize the information gained in recent years on consumer preferences related to extra-virgin olive oil, it thus seems appropriate to offer a critique of the existing literature. Our analysis can be divided into two distinct but complementary parts. The first is dedicated to a narrative systematic review of the literature on the topic. Subsequently, using 20 empirical contributions which provide estimates of consumers' willingness to pay for quality attributes including a measure of the goodness of the estimation, a meta-analysis was conducted to synthesize the empirical results obtained.
In this paper we refer to the definitions of systematic review and meta-analysis provided by the Cochrane Collaboration (2009) and by the PRISMA Statement (Moher et al. 2009 ): "A systematic review is a review of a clearly formulated question that uses systematic and explicit methods to identify, select, and critically appraise relevant research, and to collect and analyze data from the studies that are included in the review. Statistical methods (meta-analysis) may or may not be used to analyze and summarize the results of the included studies. Meta-analysis refers to the use of statistical techniques in a systematic review to integrate the results of included studies". In as much as is allowed by the subject of our analysis, in our study we followed the instructions provided by the PRISMA Statement (Moher et al. 2009 ) in order to carry out an appropriate review. The paper is organized as follows. In second section the narrative systematic review is described, summarizing the main results of the literature dealing with EVO attributes. The statistical model used in the meta-analysis and the empirical results are discussed in third section. Fourth section comprises the discussion, study limitations and some concluding remarks.
Narrative systematic review
The Narrative Systematic Review was carried out to summarize the literature about consumer preferences relating to EVO characteristics. The chosen period covered the years between 1994, when the first work, to our knowledge, about the subject emerged, and June 2014. The research was carried out using the main scientific/economic research databases: 1. Thomson Reuters (ISI) Web of Knowledge 2. SciVerse Scopus, 3. EconLit 4. Wiley Online Library 5. Emerald Insight 6. Google Scholar 7. AgEcon Search, 8. CiteSeerXβ 9. Microsoft Academic Search; 10. Google, Bing, Abacho, etc.
The survey identified around 78 major works which studied consumer preferences for EVO features. The scientific production related to this line of research has not appeared to decline at all. As for the countries investigated, about 73 % of the contributions focus on Mediterranean countries, which are traditionally major producers and consumers of olive oil, with Italy being the most commonly analyzed, accounting for 40 % of all contributions. The remaining 27 % of works are distributed between Northern European countries (17 %) and the rest of the world (10 %).
As regards publication type, 70 % of the articles analyzed were published in peer-reviewed journals, 20 % of contributions were presented at international conferences, and 10 % are termed final research reports. Regarding the specific contents of the various works, we can categorize the large number of articles according to two different elements. The first relates to investigation methodology, while the second concerns research questions to be solved.
Methodological approaches followed by the selected works to analyze consumer preferences show a large share of discrete choice models, applied with many variations. In particular, Conjoint Analysis and Random Utility Models (RUM) are the most widely used. As regards Conjoint Analysis, several studies have used this approach to assess the relative importance to consumers of different attributes and to define a hypothetical most preferred product (Cicia and Perla 2000; Van der Lans et al. 2001 , Martínez et al. 2002 Soler et al. 2002; Krystallis and Ness 2005; Bracco et al. 2009; Jiménez-Guerrero et al. 2012; Mtimet et al. 2008 Mtimet et al. , 2011 Mtimet et al. , 2013 Di Vita et al. 2013; Sillani et al. 2014) .
By contrast, widely adopted Random Utility Models (RUM) provide the impact of product attributes on choices and estimation of the willingness to pay (WTP) (Cicia et al. 2002; Ward et al. 2003; Scarpa and Del Giudice 2004; Cicia et al. 2005; Dekhili and d'Hauteville 2009; Finardi et al. 2009; Finardi 2010; Chan-Halbrendt et al. 2010; Menapace et al. 2011; Aprile et al. 2012; Delgado et al. 2013; Mtimet et al. 2013; Vlontzos and Duquenne 2014; Yangui et al. 2013 Yangui et al. , 2014a Yangui et al. , 2014b .
For instance, Cicia et al. (2005) valued at one euro per bottle the attribute of Italian product origin (COOL attribute) ascribed by Italian consumers. Amongst the methodologies for analyzing consumer preferences, some studies asked interviewees to rank attributes according to their perceived importance (Del Giudice and D'Elia 2001) .
Other empirical approaches adopt the hedonic price method (Karipidis et al. 2005; Ribeiro and Santos 2005; Carlucci et al. 2014) or multi-criteria analysis (Sandalidou et al. 2002; Bevilacqua et al. 2012) , while others follow mainly qualitative approaches, such as means-end chains, laddering interviews or focus groups. Some interdisciplinary studies comprise features of econometric analysis and sensory analysis (McEwan 1994; Morales et al. 1997; Monteleone et al. 1997; Pagliarini et al. 1994; Caporale et al. 2004 Caporale et al. , 2006 Guinard 2011, 2012; Finotti et al. 2007 , Favati et al. 2013 , Fregapane et al. 2013 , Nakano et al. 2013 . Finally, other modeling and theoretical frameworks comprise both qualitative analysis techniques such as laddering (Nielsen et al. 1998 ) and supply chain and sector analysis (Baourakis and Apostolakis 1999; Belletti and Marescotti 1998; Fucito and Vizzarri 2004; Mili and Zúñiga 2001; Mili 2006; Del Giudice et al. 2012) .
As regards the aims of the selected papers, most investigated consumer preferences for specific extra-virgin olive oil attributes: they analyzed intrinsic (taste, appearance, color) and extrinsic (packaging, certifications, label, brand, etc.) product attributes. Thus, in the sections below, we highlight the main conclusions made by the literature sorted by the most commonly investigated attributes.
Olive geographical origin certification
Early studies on this topic indicated geographical origin of the olives as the main focus (McEwan 1994; Monteleone et al. 1997; Bech-Larsen et al. 1996; Belletti and Marescotti 1998; Nielsen et al. 1998; Tsakiridou et al. 2006) . Geographical origin has received ever-increasing attention over the years. It has been extensively shown that, when making purchasing decisions, consumers, albeit from different geographical and socio-economic realities, attach a priority value to information about the country of origin of the olives concerned (Nielsen et al. 1998 ; Van der Lans et al. 2001; Fotopoulos and Krystallis 2002; Krystallis and Ness 2005; Ward et al. 2003; Scarpa et al. 2005; Gázquez-Abad and Sánchez-Pérez 2009; D'Elia 2001, Dekhili et al. 2011; Aprile et al. 2012; Piccolo et al. 2013) .
The Geographical Origin attribute was also analyzed through the study of influences exerted by Community certification of origin (PDO and PGI, EC Regulation 509/06 and 510/06) on individual preferences. Several studies agree on two common conclusions ( Van der Lans et al. 2001; Scarpa and Del Giudice 2004; Menapace et al. 2008; Bracco et al. 2009; Fucito and Vizzarri 2004; Finco et al. 2010) .
The first conclusion concerns the considerable importance of olive origin as a key element in individual choices. In many markets, origin indication is synonymous with a local product. Consumers seem to prefer, regardless of other items, the typical product of the area of consumption. Since the sensory characteristics of olive oil and extravirgin olive oil are greatly affected by cultivars and agronomic techniques, knowledge of origin gives the consumer assurances concerning product taste characteristics.
The second conclusion is that EC designations of origin (PDO and PGI) have never fully expressed their potential as differentiation and protection tools. Indeed, they are still little known to consumers, who continue to use other quality signals and origin certification, such as trademarks evocative of particular production areas, trademarks traditionally associated with specific origins, certification of private standards focused on olives origin or label information about bottling location, which often, before the recent legislation came into force (EU Reg. 182/09 and EU Reg. 1169/2011), was unrelated to the source of olives.
Product food safety
A second group of attributes, which has received wide attention from papers discussing EVO health aspects, consists in food safety and traceability. This line of research also includes attention toward organic certification. This attribute has a twofold value for the consumer: first it indicates attention toward health and preservation of the natural environment (Cicia et al. 2009 ). Organic certification has been shown to be positively perceived by consumers, although more than twenty years after EU regulation on organic produce and its definition came into force, consumer information levels were still unsatisfactory ( Van der Lans et al. 2001; Soler et al. 2002; Fotopoulos and Krystallis 2002; Cicia et al. 2002; Zanoli et al. 2002; Sandalidou et al. 2002; Del Giudice et al. 2012) .
In more recent works, the relation between origin and traceability emerges quite strongly (Leonetti et al., 2009; Chan-Halbrendt et al. 2010; Mane-Kapaj et al. 2010; Gázquez-Abad and Sánchez-Pérez 2009; Cicia et al. 2005; Menapace et al. 2008; Deselnicu et al. 2013; Gambaro et al. 2013) . Traceability and related labeling information have become increasingly analyzed elements. Traceability means the ability to track food through all stages of production, processing and distribution. Traceability was introduced by the EU's General Food Law (EC Reg. 178/2002) . It has been generally shown that information on traceability influences consumer choices, which are ever more geared to food safety (Soler et al. 2002; Krystallis and Ness, 2005) . However, the studies in question indicate that consumers consider information about the origin of the olives the most important element for traceability of the product. Knowledge of all stages of production, processing and distribution does not seem to affect consumer choice, the information about the origin of the raw material seems more important (Cicia et al. 2005; Di Vita et al. 2013 ).
Brand
Another relevant attribute within consumer preferences is represented by brand (Baourakis and Baltas 2003; Bower et al. 2003; Del Giudice and D'Elia 2001; Cicia et al. 2005; Bracco et al. 2009; Dekhili and d'Hauteville 2009; Gázquez-Abad and Sánchez-Pérez 2009; Jiménez-Guerrero et al. 2012) . In particular, the literature highlights the preference of consumers for traditionally known brands and private labels, both with an increasing information value and reassuring features for the consumer.
Price
Price clearly emerges as a "particular" attribute as stated by the literature, with regard to the influence upon purchase choices and on perception of extra-virgin olive oil quality. Indeed, several studies have shown the considerable attention paid to price on the part of consumers (McEwan 1994; Baourakis and Apostolakis, 1999; Baourakis and Baltas 2003; Lazaridis 2004; Sánchez-Pérez 2009, Carlucci et al. 2014 ). Other studies (Cicia et al. 2002; Martínez et al. 2002; Scarpa and Del Giudice 2004) highlight the role played by the price factor as a quality indicator for extra-virgin olive oil. Indeed, very often the preference toward this attribute seems to follow a triangular path typical of quality products (Cicia and Perla 2000) .
Sensory attributes
The last group of attributes analyzed comprises all product sensory and taste aspects. This kind of analysis showed significant changes over the period. In general, in the past, olive oil taste and color were considered two of the attributes that most influenced consumer perception and purchase choice, without, however, identifying them individually as being present (McEwan 1994; Finotti et al. 2007; Monteleone et al. 1997; Cicia et al. 2002) .
Further developments in the way EVO sensory and taste aspects are described and researched both at production and processing level have led to in-depth analysis of consumer preferences. On the production side there has been a trend toward oils which, thanks to innovations in production techniques introduced over the past two decades, result in a product with enhanced sensory characteristics (pungent, bitter, fruity, etc.). On the consumption side, because of the strong link with traditional preferences and thanks to the educational role played by branded products and GDO private labels toward tasting, there is now a generation of EVO users who seem to prefer a product with a quite plain, neutral taste, generating a serious split in the market (Leonetti et al. 2009; Santosa et al. 2010; Mtimet et al. 2008 Mtimet et al. , 2011 Mtimet et al. , 2013 Caporale et al. 2006; Guinard 2011, 2012; Delgado et al. 2013; Recchia et al. 2012; Bevilacqua et al. 2012; Del Giudice et al. 2012) .
Econometric meta-analysis
Meta-analysis is increasingly proving that it could play a valuable role in objectively and effectively exploring topics which are extensively debated in the scientific literature. Meta-analysis as a tool for scientific investigation was first used in the early 20th century (Simpson and Pearson 1904) , although the term itself was first coined only in 1976 (Glass 1976) .
This approach has also benefited in recent years from the process that has led to massive web indexing and sharing of the results of scientific research. Although its main application is in the medical sciences, studies focusing on meta-analysis are becoming more widespread and accepted in other disciplines, including economics and social sciences (Nelson and Kennedy 2009) .
It is undeniable that having a comprehensive and objective view of what research has produced on the subject of interest over the years represents the first stage for any researcher interested in providing a new contribution to knowledge, taking advantage of the spillover offered by previous scientific production a . With regard to the analysis of consumer EVO preferences, both quality and quantity of scientific output allow the main results to be synthesized and systematized. Within this scope, a meta-analysis study, thanks to the characteristics of the regression models in terms of inference on reality, seems an efficient choice. Therefore, the aim of the meta-analysis proposed herein is to provide a statistically rigorous synopsis of the findings in the literature on consumer preferences for extra virgin olive oil attributes. Our approach analyzes the WTP of consumers for several EVO attributes. As previously stated, many studies on this subject adopt the discrete choice method based on random utility theory b . If the price is included among the attributes, it is thus possible to obtain the preference for the various attributes considered, measured in monetary terms, as WTP. However, direct comparison among studies of WTPs for the various attributes is not strictly feasible in these terms as the results of each estimation are in local currency and they refer to specific space-time situations.
In light of the above considerations, the variable of interest, or the dependent variable of our model, WTP, was transformed into the relative change with respect to the base price of EVO as reported in each specific study. Meta-analysis may thus summarize the general indications on willingness to pay for different attributes by using results from studies from different sites, surveys, methodologies, and sample characteristics.
From an empirical point of view, not all the analyzed studies provided information directly usable for our purpose: only 20 studies explicitly provided the estimated WTP including a measure of the variance of the estimation, information necessary for implementation of random or fixed-effect models. Since each study usually considers jointly the preferences for different attributes, thus providing several estimates of WTP, our meta-analysis collected 78 WTPs overall from 20 studies written during the decade 2004-2014 (see Table 3 ). In order to avoid publication bias, also "non peer-reviewed articles" were included in the metaanalysis (Duval and Tweedie 2000; Rothstein et al. 2006) . The explanatory variables used in the meta-analysis are shown in Table 1 with some descriptive statistics. There are three parametric methods most widely used within meta-analysis: 1. Linear regression analysis model (or meta-regression); 2. Fixed-effect meta-regression analysis; 3. Random-effect meta-regression analysis.
The Linear regression analysis model (or meta-regression) follows the ordinary least squares approach. Specifically, we assume that each i-study of n total studies provided an estimate of the relative willingness to pay equal to WTP i :
where x i is a 1 × k vector of covariates (including intercept) that characterizes the study i and β is a k × 1 coefficient vector. Standard error estimates are provided through a bootstrap procedure to prevent possible estimation bias due to heteroskedasticity. Meta-regression assumes that all the estimates of WTP included in the meta-analysis have the same precision or variability. When the confidence interval or the variance of WTP is available, it may be taken into account by adopting a variance weighted OLS. The literature on meta-analysis refers to this specification as Fixed-effect meta-regression analysis. In this case Eq. 1 becomes:
Equation 2 can be estimated by weighted least squares, with the weights 1/ σ 2 i where σ 2 i is the estimated variance of the parameter provided by the i-th study. However, by construction, fixed effect meta-regression analysis assumes that betweenstudy variability of the estimates are equal to zero. In order to overcome this limitation random effect meta-regression analysis estimates a new parameter (τ 2 ) for taking between-study variability into account:
The estimation procedure of Eq. (3) consists of a first estimate of τ 2 (variance between studies) and then in an estimate of the coefficients β through the least squares method weighted by using 1/(σ 2 i + τ 2 ) as weights. The algorithm is iterative and follows the procedure suggested by Thompson and Sharp (1999) . In particular, having set an initial value for τ 2 , the estimate of τ 2 is based on the following log-likelihood function maximization: Harville 1977) .
From the sum of the squares of the weighted errors,
! 2 (Lipsey and Wilson 2001) it is possible to calculate the measure of the percentage of the residual variation that is attributable to between-study heterogeneity:
The last two models are particularly useful when the purpose of studies is to estimate the "size effect" (effectiveness of a medicinal product, willingness to pay for a food attribute, etc.), exploiting the information from the confidence intervals of the measure.
In this specific study we apply all three models. For the estimation of the last two models we also use a measure of the variance of the WTP as estimated in the individual studies, in order to weight the effect size of each case study with an index of the goodness of the estimate. Table 2 reports the results of the three estimates. All the exogenous variables considered show the same direction in the three different specifications. Of the three specifications, the fixed-effect meta-regression model seems to perform best, showing overall a higher significance level of the coefficients. This result is formally confirmed by the Cochran (Q E ) test and by the Higgins heterogeneity measure (I 2 ) (Higgins and Green 2008) . This specific result supports the outcomes of the "fixed effects model", implying the existence of a "true effect size" similar for all the studies, and the WTP differences reported in several studies are not statistically significant. In other words, the variation in the WTP for the attributes would appear the same for all studies, albeit conducted in different countries and at different times. This result might arise from the specific design of the dependent variable as a percentage change with respect to a base price. By using this procedure the differences between the estimates based on study-specific characteristics might be minimized.
The results of our meta-analysis indicate that known brand, organic certification, olive origin certification (including European PDO, PGI and private certifications of country of origin) and neutral taste have a positive influence on consumers' WTP. The not published in peer-reviewed journals seem to overestimate the real WTP for the attributes. A possible explanation could be related to the difficulty being published in a peer review journal since higher WTP estimates are considered less reliable. Finally, traceability does not seem to influence WTP. This result is related to the greater influence that information on the area of origin has on consumer choices. Information on the origin of the olives seems the most important aspect of traceability for EVO consumers. Coefficients measure the relative variation of the final price of EVO in terms of WTP, and therefore can be interpreted also as measure of importance for the consumers of the attributes. This means that brand, organic certification and origin certification can be considered the product attributes showing the greatest influence on consumer willingness to pay. Finally, the neutral taste attribute shows the lowest WTP.
Conclusions
Analysis of the literature on EVO consumer preferences and the meta-analysis implemented on the information attained allow some interesting considerations to be made. The first concerns the importance of the research strand which continues to interest not only traditional producer and consumer countries but also new geographical areas, such as China and Japan, which have only recently discovered the product's nutritional and gustatory value. The second concerns the evolution of factors/characteristics which have, over the years, been the subject of the literature. Constant value across the period in question is to be attributed to origin certification, in all its various specifications (PDO, PGI, and private certifications of country of origin) and, to a lesser extent, to the known brand. Such attributes represented the cardinal points of our analysis. In all the studies, as also shown by meta-analysis, origin and brand decidedly affect consumer preferences. In particular, all the studies carried out have shown unequivocally the strategic role played by knowledge, on the part of the end purchaser, of the oil's origin. This situation appeared so evident that the European Union issued EC Regulation 182/09 in 2009 with the aim of making information on product origin clear and mandatory on the label. This new regulatory scenario combined with what was already written on the known origin of the extra-virgin olive oil excludes this characteristic from the possible focuses of further innovative research. Investigating how product origin may affect purchases of extra-virgin oil becomes a question of valid research especially if the study is carried out in countries such as China, India or other economies considered potential wealthy markets for the product in question. Brand is another important attribute: in recent years the role of private labels has acquired major strategic value. Indeed, national and international brands of the large retailers, thanks to the reputation that they have built up, manage to supply the consumer with a guarantee not only of organoleptic quality and food safety but also of environmental (integrated production with the use of low input) and social sustainability (ethical certifications like SA8000). Organic certification represents an element of product differentiation, related to safety and the environment, which the consumer clearly appreciates.
The third reflection concerns aspects of taste in the literature. Indeed, while in older contributions intrinsic attributes were explored without particular focus on the various specifications which they might assume, recent analyses have begun to define the various dimensions of the sensory profile of EVOs. This evolution is due to developments which have occurred in the sensory analysis of olive oil and in the use of panel tests as a monitoring tool and guide in quality oil production. To date, agronomic and sensory research has managed not only to identify what aspects of taste and smell are indicators of oil quality but also how the latter correlate with production techniques The situation which currently emerges is that a quality EVO has a sensory profile which is quite marked and well differentiated. By contrast, on the consumption side, the consumer prefers standard oils with little or no personality. This is amply highlighted by the results of the econometric model where neutral taste is ranked fourth in importance, after brand, organic certification and origin certification. This probably represents the question of the most topical interest. This aspect deserves a central position in future research since consumption preferences as described undermine all efforts to improve product quality made on the production side. Indeed, at present on the EVO market there is a serious discrepancy: producers who invested heavily in the past in improving product quality have had to overhaul their traditional production techniques, rewarded by the "experts" and "punished" by the market.
Finally, mention should be made of the limitations to the analysis. The first concerns the large number of studies, included in the econometric model, implemented in the countries where EVO is traditionally consumed. By contrast, consumer preferences for EVO in new markets, such as Asia, the US and Japan, have so far undergone little analysis.
The second is related to the number of papers included in the econometric analysis. Moreover, the sample size, although adequate for the objectives and the econometric approach of the analysis, did not allow the introduction of additional attributes in the econometric model considered.
A possible development of the analysis may involve the inclusion of papers belonging to a longer time period. This would allow the implementation of analytical models that can provide information on the evolution and changes in consumer preferences.
Endnotes a "If I have seen far, it is by standing on the shoulders of giants" (Isaac Newton, 1676). b An anonymous referee suggested including in the analysis estimates of "implicit prices" provided by hedonic price modeling as done by Deselnicu et al. (2013) . Following the arguments provided by Brander and Koetse (2011) we included in our analyses only WTPs provided by stated preference techniques. This decision is also supported by the scarcity of available estimates using hedonic pricing (Carlucci et al. 2014). c One possible interpretation on the less importance to quality attributes given by Italian consumers could be associated to the fact that being Italy a producer country the oil olive price is on average lower than other non producing countries, and therefore also the WTP for the single attribute. However as highlighted by an anonymous referee, the same is not observed in other producer countries. Further investigations would be necessary on this specific point.
